Introduction
Thailand has experienced an exponential growth in number of vehicles due to fast economic development and increased income levels. Total numbers of motor vehicles increased from 16 .09 million in 1996 to 28.48 million in 2010, with an annual average growth rate of 7%. Information from the Department of Land Transport, Ministry of Transport indicated that the cumulative number of vehicles registered in December 31, 2010 was 28,484,829. Among them, the most common vehicle type was motorcycle (17, 156, 712 or approximately 60%), followed by van or pick up (4,894,655, 17%) and passenger car (4,496,828, 16%) . The number of cumulative registered vehicles in Bangkok was 6,444,631 or approximately 22.63% of the cumulative number of vehicles registered nationwide. 1 Data on volatile organic compounds (VOCs) measured in Bangkok indicated that concentration of some air toxics, such as benzene and 1,3-butadiene, are higher than the Thai annual ambient air quality standard. 2, 3 It is well known that the major emission source of air pollution in the Bangkok area is mobile sources. In this study, four air toxic compounds, namely benzene, 1,3-butadiene, acetaldehyde and formaldehyde, have been selected for analysis of their emission factor and emission inventory from mobile sources. These selected compounds are classified as group 1, which are carcinogenic to humans, except for acetaldehyde, which is group 2B, possibly carcinogenic to humans. 4 Other selection criteria were: these compounds are emitted from mobile sources, and they are of concern regarding their environmental risk in the urban Bangkok area.
Normally, assessments of amounts of air toxic emission from vehicles and the transport sector in Thailand are based on emission factors from abroad. Such information may not be suitable for application to the situation in Thailand. For some air toxics, there are virtually no data from studies based on the actual situation of the country, such as condition of vehicles, air pollution control laws, emission control technology, characteristics, fuel characteristics, and average velocity. The Fleet file is created from primary data collection using a questionnaire. Information on average distance traveled, odometer readings, vehicle models, fuel types and age of vehicle are collected in the survey and used as input data. Driving characteristics information is needed to estimate vehicle emissions, and must be considered for each kind of vehicle emission class. The parameters that affect the hot stabilized emissions from gasoline passenger cars in the IVE model are vehicle fleet technology distribution, vehicle specific power (VSP) and engine stress distribution, inspection and maintenance (I/M) scheme, fuel quality and meteorological condition (humidity and temperature). Cold-start and warm-start emissions are calculated separately in the IVE model. These data are computed to an average emission rate expressed in the unit of g/km for each type of vehicle in this study. In terms of determining the impact of driving pattern on vehicle emissions, the IVE model uses Vehicle Specific Power (VSP) as a key indicator of power, which is closely related to emissions production. In this study, the Bangkok driving cycle is converted to VSP. These data are obtained from the Pollution Control Department of Thailand.
Four air toxic compounds, namely benzene, 1,3-butadiene, acetaldehyde and formaldehyde, have been selected for this study. These compounds are a subset of mobile-source air toxics (MSATs), listed by the USEPA. They are compounds emitted by on-road vehicles and non-road equipment, and are known or suspected to cause cancer or other serious health effects and environmental effects. In 2001 list, the EPA named 21 compounds or compound classes as MSATs. In 2007, the EPA expanded this list. Mobile sources are the principal sources of exposure for only a few of these MSATs, because many are also emitted by non-mobile sources. For example, mobile sources are the most important contributors to 1,3-butadiene concentrations in ambient air in most locales. Because of 1,3-butadiene's short atmospheric lifetime, concentrations of 1,3-butadiene are highest near sources. As for acetaldehyde, mobile sources are a significant, but not the principal, source of exposure to this compound. Concentrations of acetaldehyde tend to be lowest outdoors; they are 2 to 10 times higher indoors and in vehicles. The EPA estimates that mobile sources are responsible for about 44% of estimated outdoor emissions of air toxics. Almost 50% of the estimated cancer risk and 74% of the estimated non-cancer risk from air toxics is estimated to come from mobile sources. 10 In this study, Bangkok is selected as the study area and the year 2009 is selected as the base year. Analysis of predicted data for mitigation scenarios is carried out for the period of 15 years (2009-2024) . A summary of input data for the IVE model used in this study is shown in Table 1 .
BAU (Business as Usual) scenario assumes that vehicular growth will continue as expected, with all new vehicles based on current policies. In other words, it assumes there will be no considerable changes in transport or environmental policies. specification of fuel used, etc. In addition, the emission factors used are often fixed emission factors, which are not suitable to predict the amount of an air toxic in the exhaust from a vehicle because they do not take into account information that is subject to change at any time, such as deterioration of the engine, pollution control devices that have improved performance, changes in rates of fuel consumption etc.
To project vehicle emission inventories more accurately, this study developed dynamic emission factors, based on travel distance information, for air toxic compounds from vehicles using the IVE (International Vehicle Emission) model. These emission inventories, based on dynamic emission factors, are developed using a bottom up approach. Air toxic emission inventories for mobile sources in Bangkok from 2009 to 2024 are developed in this study.
Mitigation measures and control scenario analysis are evaluated in order to demonstrate appropriate measures for combating air toxic emission from the transportation sector in Bangkok. This study also evaluated the factor, influenced to emission factors and air toxic emission inventory from mobile sources in the study area. The total number of vehicles from all types included in this study account for 97% of total registered vehicles in Bangkok. The scope of vehicle types in this study is, therefore, shown to be representative of vehicle types in the study area. The percentage of motorcycle, passenger car, van & pick up, truck, taxi and bus and public van are 40%, 37%, 16%, 2%, 1.5% and 0.5%, respectively.
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Calculation of emission factors. Calculation of emission factors in this study used the dynamic emission factor strategy, developed with the idea that vehicle emission control standards can reduce the emission factors of new vehicles. On the other hand, vehicle deterioration increases the emission factors of a specific vehicle model yearly. [5] [6] [7] [8] [9] Therefore, national vehicle emission control standards and vehicle deterioration are two of the most important factors that affect vehicle emission factors. These two factors are used to set parameters for data analysis in the study, using the IVE model. The IVE input data consist of a Location file and a Fleet file. Input data of the Location file include driving types of vehicles. For acetaldehyde and formaldehyde, types of vehicle with the highest emission factors are passenger car and taxi, respectively. However, the air toxic emission factors are altered in each year. It is found that emission factors of air toxic compounds, emitted from each type of vehicle, are greatly influenced by vehicle emission control policy and vehicle deterioration. Dynamic emission factors of air toxics from vehicles are shown in Figure 1 . Figure 1 illustrates the merit of utilizing the dynamic emission factors instead of the fixed values from the emission inventory data. In case of applying the fixed emission factors, the annual amount of air toxic emissions will only depend on the VKT values of each year. Therefore, an increasing trend of air toxic emissions is shown in this case. However, the dynamic emission factors can help to reveal better estimation of the amount of air toxic emissions, by taking into account the actual characteristics of inventory items. Hence, they can provide better results for further analysis.
Moreover, dynamic emission factors of air toxics from vehicles in this study are compared with other studies, as shown in Table 4 . The variation of selection of samples, engine technologies, and fuel quality, as well as the calculation method used for the emission factor, are also presented for reference. Generally, emission factors obtained from this study are higher than other studies. These differences can be explained by the fact that emission factors in this study are computed as average emission factors, taking into consideration characteristics of the entire fleet of the study area. Characteristics considered include vehicle age, fuel type and technology. For example, an average emission factor of a passenger car is obtained by calculation of the actual weighted average of emission of gasoline (18%), gasohol (52%), CNG (2%), LPG (12%) and diesel (16%). On the other hand, the methodology used in other studies as presented in Table 4 This is the reference case for comparison with other scenarios. In this study, percentages of fuel type of each type of vehicle under the BAU case are as shown in Table 2 . Additionally, fuel type, fuel quality and engine technology of vehicles for calculation of average dynamic emission factors are shown in Table 3 .
Results and Discussion
Dynamic air toxic emission factors for each type of vehicle are developed according to regulated limits and vehicle deterioration by age and VKT, while the scenarios of vehicles are also projected based on vehicle deterioration and alternative fuel from governmental policies in Thailand from 2009 to 2024. Air toxic emission inventories of benzene, 1,3 butadiene, acetaldehyde and formaldehyde are estimated according to vehicle fleet distribution, average travel distances per year, and developed emission factors. As for the base year, the value of the emission factors of benzene and 1,3 butadiene (unit of g/km) for public motorcycles is the highest compared with the other The number of carbureted motorcycles in use in Bangkok will continue to decreasing until the year 2018, when it is expected that carbureted motorcycles will be less than 5% of the total number of motorcycles in Bangkok.
Although this study is focused on mobile-source air toxics, it should be noted that mobile sources are also major emission sources of conventional air pollutants and greenhouse gases. The IVE model has been used to estimate emission of these compounds, as in the study done by Hui et al (2007) . 11 In their study, the IVE model was used with a dataset of remote sensing measurements on a large number of vehicles at five different sites in China, in 2004 and 2005. Average fuel-based emission factors derived from the remote sensing measurements were compared with corresponding emission factors derived from IVE calculations for urban conditions. For gasoline passenger cars operating under urban traffic conditions, this study has demonstrated a good agreement between the IVE model and on-road optical remote sensing measurements in the case of HC emissions, a reasonable agreement for CO, but a weaker agreement in the case of NO x emissions. In the case of CO emissions, the modeled results were reasonably good, but systematically underestimated the emissions by almost 12%-50% for different Air, Soil And WAter reSeArch 2014:7 Table 4 . comparison of air toxic emission factor in other studies (unit: g/km). technology classes. However, the model totally overestimated NO x emissions. A similar study was carried out by Wang et al (2008) . 12 This study presented a bottom-up approach, 
Conclusion
The results of dynamic emission inventories indicate that factors influencing emission amounts of air toxics from vehicles in Bangkok are VKT, number of vehicles and emission factor. Therefore, mitigation to reduce air toxic emissions from the transportation sector can be achieved by reducing VKT, improving the public transport system, and increasing number of passenger cars fueled by CNG.
Thailand's policies to introduce gasohol and CNG as an alternative fuel and to encourage the use of public transport are evaluated to determine their influence on emission factors of air toxic compounds from mobile sources. These measures are analyzed as three groups (fuel-type scenarios, VKT scenarios, and combined scenarios). The analysis reveals that the combined scenario of using 100% gasohol plus decreasing VKT by 20% is the most effective scenario in reduction of benzene emission amount. In addition, 1,3-butadiene and acetaldehyde emissions are greatly decreased by the combined scenario of using 100% CNG plus decreasing VKT by 20%. As for formaldehyde, the emission amount is greatly reduced by a gasohol-based scenario. However, formaldehyde emission is increased under a CNG scenario. Normally, the highest ambient concentrations of formaldehyde were found at urban roadside sites. It appears that summer photochemical activity contributes more formaldehyde to ambient air than direct vehicle emissions do, as strong seasonal effects are observed. It is important to note that in Brazil, ambient formaldehyde concentrations have increased four fold over the past few years, following the expansion of the fleet of vehicles using compressed natural gas. 10 All scenarios' effects on air toxics emitted from vehicles are summarized in Table 5 .
Introducing gasohol as a renewable alternative energy source is found to be an effective measure in reducing benzene and formaldehyde emissions. However, this policy might lead to an increase of acetaldehyde and 1,3-butadiene emissions as compared with regular gasoline fuel. Improvement of fuel quality from Euro 2 to Euro 4 standards, started in the year 2012, was found to be an effective measure in the reduction of benzene emissions from mobile sources in Bangkok, because benzene content in Euro 2 standard is 3.8% while its content in Euro 4 standard is 1%. Decreasing benzene ambient air concentrations, measured in the study area, confirmed the benefit of this policy in reducing air toxics. Benzene concentrations, measured in the traffic curbside stations in Bangkok, were significantly decreased in the year 2012, as illustrated in Figure 6 .
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